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1
METHOD FOR ORIENTING AN
ACETABULAR CUP AND INSTRUMENTS
FOR USE THEREWITH

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a divisional of U.S. patent appli-
cation Ser. No. 13/587,664, filed Aug. 16, 2012, which claims
priority to U.S. patent application Ser. No. 61/524,659, filed
Aug. 17, 2011, each of which is hereby incorporated by
reference in its entirety.

TECHNICAL FIELD

The present invention relates generally to medical orienta-
tion and positioning devices and in particular to methods and
tools for use in orientating surgical instruments, implements,
implants, prosthetics and more specifically, to methods and
instruments for orienting an acetabular component (cup) of a
total hip replacement using a patient-specific guide that is
formed in accordance with the present invention and is con-
figured to guide the acetabular component into the acetabu-
lum.

BACKGROUND

Correct positioning of surgical instruments and implants,
used in a surgical procedure, with respect to the patient’s
anatomy is often a critical factor in achieving a successful
outcome. In certain orthopaedic implant procedures, such as
total hip replacement (THR), total knee arthroplasty (TKA)
and total shoulder replacement (TSR), the optimal orientation
of the surgical implant enhances the initial function and the
long term operability of the implant.

With respect to THR, proper implantation of the acetabular
component (cup) in total hip replacement (THR) is challeng-
ing. The hip is a ball and socket joint. In a normal hip, the
femoral head is generally circular and rotates within the
acetabulum which is also generally circular in shape. Ideally,
the load transfer of body weight across the hip joint is distrib-
uted across the surface area of the femoral head and acetabu-
lum. By distributing the loads across a maximum surface area
of the femoral head and acetabulum, lower stresses result in
the joint itself.

In a diseased hip, the ball and socket may be malformed
and this can result in an uneven distribution of load. In the
event of a deformed femoral head, load is transferred from the
femoral head to the acetabulum along the periphery of the
femoral head to the periphery of the acetabulum. As will be
appreciated, this results in a transfer of load (imported by the
body weight and muscle forces) to a surface area of much
reduced size causing a high load per unit area value. This
increased load per unit area causes damage to the joint by
damaging the articular cartilage which over time can wear
out.

From a biomechanical standpoint, successtul hip function
depends on a number of factors including the alignment of an
acetabular cup. Accurate orienting of the cup is an important
variable in reducing the risk of dislocation, bearing impinge-
ment, wear and edge loading, revisions, and long-term survi-
vorship of the THR. Proper cup orientation can be determined
by considering the appropriate abduction angle and antever-
sion of the component.

Various techniques involving bony landmarks or intra-op-
erative jigs have been developed to allow the operating sur-
geon to produce accurate and reproducible cup placements.
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Alignment tools (guides) typically references the surgical
table on which the patient rests. Conventionally, it is assumed
that the patient’s pelvis is parallel to the table, and the surgical
table is parallel to the floor. Based on the proceeding assump-
tions, the ordinary orientation for most patients for the
acetabular cup is between 40° and 45° of inclination and
around 20° anteversion.

However, these techniques are subject to inaccuracies due
to the variability of the patient’s pelvic position on the oper-
ating table, degenerative lumbosacral disease, pelvic tilt, and
the presence of osteophytes which makes bony landmarks
harder to identify. For this reason, newer instruments utilizing
computer assisted navigation or haptic robots have become
more popular. However, these instruments are very expen-
sive, require additional components (pins and rays) and have
a long learning curve and thus are not entirely desirable for
these reasons. In addition, as described below, a number of
patient-specific guides have been developed by using the rim
of the acetabulum to fit the patient-specific guide; however,
the rim of the acetabulum is difficult to access as a result of it
being covered in part by soft tissue and consequently, these
guides suffer from this deficiency and others.

There is thus a need to overcome these deficiencies and
provide an improved method(s) and instrument(s) for orient-
ing the acetabular component (cup) during and as part of a
total hip replacement procedure.

SUMMARY

In one embodiment of the present invention, a patient-
specific acetabular guide for use in orienting an acetabular
component with respect to an acetabulum of a patient as part
of'asurgical procedure is provided. The patient-specific guide
includes a body having a bottom contact surface that has a
portion that is shaped and configured to initimately receive
and interlockingly mate with an acetabular notch of the
patient’s acetabulum in accordance with a three-dimensional
image of the acetabulum of the specific patient. The three-
dimensional image can be in the form of a three-dimensional
virtual model of the patient’s acetabulum that is constructed
at least in part on 3D image data of the pelvic region of the
patient.

In accordance with one embodiment, a method of pre-
operatively planning the implantation of a patient-specific
acetabular component comprising the steps of: (1) obtaining
three-dimensional image data of a pelvic region of the patient;
(2) using the obtained image data to determine a selected
orientation of the acetabular component with respect to an
acetabulum of the patient, the selected orientation being
defined by a center longitudinal axis; and (3) constructing a
three-dimensional model of an acetabular guide from the
obtained image data, wherein the three-dimensional model of
the acetabular guide includes a contact surface that is shaped
to substantially match an acetabular notch of the patient’s
acetabulum, wherein a center longitudinal axis of the
acetabular guide is co-linear or parallel to the center axis of
the acetabular component.

Inaccordance with one embodiment, a method for implant-
ing an acetabular component in an acetabulum of a patient
comprising the steps of: (1) inspecting a pre-operative plan
including a three-dimensional image of the specific patient;
(2) selecting a patient-specific anteversion angle and an incli-
nation angle for the acetabular component so as to define a
prescribed orientation for the acetabular component; (3) con-
structing a patient-specific acetabular guide having a contact
surface that is made to conform to an acetabular notch of the
acetabular of the patient in accordance with the three-dimen-
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sional image of the specific patient and be oriented in the
prescribed orientation; (4) orienting the patient-specific
acetabular guide in the acetabulum of the specific patient such
that the contact surface interlocks with the acetabular notch of
the patient’s acetabulum; (5) using the patient-specific guide
to orient an axis pin that is parallel to a center axis of the
acetabular guide; and (6) implanting the acetabular compo-
nent using the axis pin as a reference for the component
orientation.

The method also includes the steps of a inserting a pin
guide into an opening formed in a surface of the patient-
specific acetabular guide that is opposite the contact surface.
The pin guide has a pin receiving section that has a bore
defined by a first axis that is parallel to an axis of the handle
of'the patient-specific acetabular guide. An axis pin is inserted
through the bore and the axis pin is fixedly attached to the
bone. The pin guide is removed from the patient-specific
acetabular guide and the patient-specific acetabular guide is
removed from the acetabulum, whereby the axis pin defines a
reference axis for orienting the acetabulum component within
the acetabulum.

In an alternative embodiment, a pin is attached to a superior
portion of the acetabulum and a pin reference device is
assembled to the pin by coupling a first section of the device
to the fixed pin. The first section of the pin reference device
has two degrees of freedom relative to the pin and the pin
reference device further includes a rod that is pivotally
attached to the first section and has one degree of freedom
relative thereto. The rod comprises the first reference member
and defines the reference axis for orienting the acetabulum
component within the acetabulum. As described herein, the
pin reference device includes locking means to allow it to be
locked in place once it is properly oriented.

BRIEF DESCRIPTION OF DRAWING FIGURES

FIG. 1 is a schematic view of a computer system in accor-
dance with the present invention;

FIG. 2 is a schematic of various components of the present
system,

FIG. 3 is a flow diagram ofa method in accordance with the
present invention and relating to pre-operative imaging and
reconstruction steps;

FIG. 3A is a flow diagram of a method in accordance with
the present invention and relating to the design of the patient-
specific acetabular guide;

FIG. 4 is an image of a pelvic region of a patient;

FIG. 5 is a top plan view of an acetabulum;

FIG. 6 is a cross-sectional view taken along the line 6-6 of
FIG. 5;

FIG. 7A-7C show an acetabular component oriented rela-
tive to the acetabulum according to a first method once the
pelvis has been properly oriented;

FIG. 8 A-8D show an acetabular component oriented rela-
tive to the acetabulum according to a second method once the
pelvis has been properly oriented;

FIG. 9A-9E show an acetabular component oriented rela-
tive to the acetabulum according to a second method once the
pelvis has been properly oriented;

FIG. 10 is a top plan view of the acetabulum with a virtual
representation of an acetabular guide having an initial hemi-
spherical shape in accordance with one embodiment of the
present invention inserted into the acetabulum;

FIG. 11 is a cross-sectional view of FIG. 10;

FIG. 12 is a cross-sectional view showing an articular
surface of the acetabulum being virtually offset by a pre-
scribed distance;
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FIG. 13 is a top plan view of the acetabulum showing the
result of a first Boolean operation between the acetabular
guide of FIG. 10 and the offset acetabulum showing modifi-
cation to the guide to remove material interfering with bone
(the original articular surface of the acetabulum is not shown
in this figure);

FIG. 14 is a cross-sectional view of FIG. 13;

FIG. 15 is a side elevation view of FIG. 13;

FIG. 16 is a cross-sectional view showing the acetabular
guide of FIG. 13 removed from the offset acetabulum;

FIG. 17 is a cross-sectional view of the acetabulum trans-
lated a predetermined distance along an axis of the cup;

FIG. 18 is a cross-sectional view of the acetabulum show-
ing the result of a second Boolean operation between the
acetabular guide and the translated acetabulum of FIG. 17
showing modification to the guide to remove material inter-
fering with bone;

FIG. 19A is a cross-sectional view showing the acetabular
guide of FIG. 18 removed from the translated acetabulum;

FIG. 19B is a cross-sectional view of the acetabular guide
of FIG. 18 implanted into a virtual acetabulum showing a fit
therebetween;

FIG. 20 is a perspective view of a first step of a surgical
procedure, according to a first embodiment, in which the
patient-specific guide in inserted into the acetabulum;

FIG. 21 is a perspective view of a second step of the
surgical procedure in which a pin guide is coupled to the
patient-specific guide;

FIG. 22 is a perspective view of a third step of the surgical
procedure in which an axis pin is inserted into the pin guide
and is attached to the superior region of the acetabulum;

FIG. 23 is a perspective view of a fourth step of a surgical
procedure in which the pin guide is removed and the patient-
specific guide is ready for removal as well;

FIG. 24 is a perspective view of a first step of a surgical
procedure, according to a second embodiment, in which a pin
is placed arbitrarily within the superior region of the acetabu-
lum;

FIG. 25 is a perspective view of a second step of the
surgical procedure in which the patient-specific guide in
inserted into the acetabulum;

FIG. 26 is a perspective view of a third step of the surgical
procedure in which an in which a rod aligner mechanism is
connected to the pin and mated with the patient-specific guide
and a reference rod is inserted into the rod aligner;

FIG. 27 is a perspective view of a fourth step of a surgical
procedure in which the rod aligned mechanism and the
patient-specific guide are removed;

FIG. 28 is a perspective view of an acetabular component
(implant) implanted within the acetabulum;

FIG. 29 is a perspective view of a first step of a surgical
procedure, according to a third embodiment, in which a fidu-
cial (instrument), with a known coordinate system, is placed
within the superior region of the acetabulum;

FIG. 30 is a perspective view of a second step of a surgical
procedure, according to a third embodiment, in which the
patient-specific guide in inserted into the acetabulum; and

FIG. 31 is a schematic of a display showing a current
location of the fiducial and the target (intended) location of
the fiducial.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

In accordance with the present invention and as discussed
below, a method and associated instrument(s) are provided to
simply, yet accurately, orient the acetabular component of a
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total hip replacement (THR) using both pre-operative imag-
ing, and a patient-specific instrument that is used at the time
of'the surgical procedure. As described herein, the orientation
of'the acetabular component is determined using any one of a
number of techniques that are described in detail herein.

There are three bones of the os coxae (hip bone) that come
together to form the acetabulum. Contributing a little more
than two-fifths of the structure is the ischium, which provides
lower and side boundaries to the acetabulum. The ilium forms
the upper boundary, providing a little less than two-fifths of
the structure of the acetabulum. The rest is formed by the
pubis, near the midline. It is bounded by a prominent uneven
rim, which is thick and strong above, and serves for the
attachment of the acetabular labrum, which reduces its open-
ing, and deepens the surface for formation of the hip joint. At
the lower part of the acetabulum is the acetabular notch,
which is continuous with a circular depression, the acetabular
fossa, at the bottom of the cavity of the acetabulum. The rest
of the acetabulum is formed by a curved, crescent-moon
shaped surface (the lunate surface) where the joint is made
with the head of the femur. Its counterpart in the pectoral
girdle is the glenoid fossa.

FIG. 4 generally shows the acetabulum as 103 and the
femur head as 109.

In one aspect, the present invention is directed to a patient-
specific acetabular guide for use in orthopedic surgery, such
as, forexample, injoint replacement (THR), etc. As discussed
below, the patient-specific acetabular guide can be used either
with conventional implant components (e.g., an acetabular
shell (cup)) or patient-specific implant components prepared
with computer-assisted image methods.

As mentioned above, the method of the present invention is
based at least in part on pre-operating (pre-operative) imag-
ing. As is understood in the art, pre-operative imaging has a
number of different purposes and generally is performed in
order to subsequently guide the surgeon during the surgical
procedure, allow for patient-specific tools and/or implants to
be formed, etc.

More particularly, the present invention is part of a com-
puter system 10 for designing and constructing a patient-
specific acetabular guide and its use in an orthopedic surgical
procedure in which an acetabular component is prepared,
orientated and implanted. The referenced systems and meth-
ods are now described more fully with reference to the
accompanying drawings, in which one or more illustrated
embodiments and/or arrangements of the systems and meth-
ods are shown. The systems and methods are not limited in
any way to the illustrated embodiments and/or arrangements
as the illustrated embodiments and/or arrangements
described below are merely exemplary of the systems and
methods, which can be embodied in various forms, as appre-
ciated by one skilled in the art. Therefore, it is to be under-
stood that any structural and functional details disclosed
herein are not to be interpreted as limiting the systems and
methods, but rather are provided as a representative embodi-
ment and/or arrangement for teaching one skilled in the art
one or more ways to implement the systems and methods.
Accordingly, aspects of the present systems and methods can
take the form of an entirely hardware embodiment, an entirely
software embodiment (including firmware, resident software,
micro-code, etc.), or an embodiment combining software and
hardware. One of skill in the art can appreciate that a software
process can be transformed into an equivalent hardware struc-
ture, and a hardware structure can itself be transformed into
an equivalent software process. Thus, the selection of a hard-
ware implementation versus a software implementation is
one of design choice and left to the implementer. Further-
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more, the terms and phrases used herein are not intended to be
limiting, but rather are to provide an understandable descrip-
tion of the systems and methods.

An exemplary computer system is shown as a block dia-
gram in FIG. 1 which is a high-level diagram illustrating an
exemplary configuration of a system 10 for performing pre-
operative imaging and computer modeling operations and for
designing and constructing a patient-specific acetabular
guide for use in orienting the acetabular component. In one
implementation, computing device 15 can be a personal com-
puter or server. In other implementations, computing device
15 can be a tablet computer, a laptop computer, or a mobile
device/smartphone, though it should be understood that com-
puting device 15 of the present system 10 can be practically
any computing device and/or data processing apparatus
capable of embodying the systems and/or methods described
herein.

Computing device 15 of the system 10 includes a circuit
board 14, such as a motherboard, which is operatively con-
nected to various hardware and software components that
serve to enable operation of the system 10 as described herein
and in particular, are configured to provide the imaging and
computer graphic modeling operations described herein. The
circuit board 14 is operatively connected to a processor 11
and a memory 12. Processor 11 serves to execute instructions
for software that can be loaded into memory 12. Processor 11
can be a number of processors, a multi-processor core, or
some other type of processor, depending on the particular
implementation. Further, processor 11 can be implemented
using a number of heterogeneous processor systems in which
a main processor is present with secondary processors on a
single chip. As another illustrative example, processor 11 can
be a symmetric multi-processor system containing multiple
processors of the same type.

Preferably, memory 12 and/or storage 19 are accessible by
processor 11, thereby enabling processor 11 to receive and
execute instructions stored on memory 12 and/or on storage
19. Memory 12 canbe, for example, a random access memory
(RAM) or any other suitable volatile or non-volatile computer
readable storage medium. In addition, memory 12 can be
fixed or removable. Storage 19 can take various forms,
depending on the particular implementation. For example,
storage 19 can contain one or more components or devices
such as a hard drive, a flash memory, a rewritable optical disk,
a rewritable magnetic tape, or some combination of the
above. Storage 19 also can be fixed or removable.

One or more software modules 13 are encoded in storage
19 and/or in memory 12. The software modules 13 can com-
prise one or more software programs or applications having
computer program code or a set of instructions executed in
processor 11. Such computer program code or instructions for
carrying out operations for aspects of the systems and meth-
ods disclosed herein can be written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Java, Smalltalk, C++,
Python, and JavaScript or the like and conventional proce-
dural programming languages, such as the “C” programming
language or similar programming languages. The program
code can execute entirely on computing device 15, partly on
computing device 15, as a stand-alone software package,
partly on computing device 15 and partly on a remote com-
puter/device, or entirely on the remote computer/device or
server. In the latter scenario, the remote computer can be
connected to computing device 15 through any type of net-
work, including a local area network (LAN) or a wide area
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network (WAN), or the connection can be made to an external
computer (for example, through the Internet 16 using an
Internet Service Provider).

One or more software modules 13, including program
code/instructions, are located in a functional form on one or
more computer readable storage devices (such as memory 12
and/or storage 19) that can be selectively removable. The
software modules 13 can be loaded onto or transferred to
computing device 15 for execution by processor 11. It can
also be said that the program code of software modules 13 and
one or more computer readable storage devices (such as
memory 12 and/or storage 19) form a computer program
product that can be manufactured and/or distributed in accor-
dance with the present invention, as is known to those of
ordinary skill in the art.

It should be understood that in some illustrative embodi-
ments, one or more of software modules 13 can be down-
loaded over a network to storage 19 from another device or
system via communication interface 15 for use within system
10. For instance, program code stored in a computer readable
storage device in a server can be downloaded over a network
from the server to system 10.

Preferably, included among the software modules 13 is an
imaging application 17 and a reconstruction (modeling)
application 21, each of which is executed by processor 11. It
will be appreciated that other applications can be present.
During execution of the software modules 13, and specifi-
cally the applications 17, 21, the processor 11 configures the
circuit board 14 to perform various operations relating to
product arrangement determination with computing device
15, as will be described in greater detail below. It should be
understood that while software modules 13 and/or applica-
tions 17, 21 can be embodied in any number of computer
executable formats, in certain implementations software
modules 13 and/or applications 17, 21 comprise one or more
applications that are configured to be executed at computing
device 15 in conjunction with one or more applications or
‘apps’ executing at remote devices, such as computing
device(s) 30, 32, and/or 34 and/or one or more viewers such as
internet browsers and/or proprietary applications. Further-
more, in certain implementations, software modules 13 and/
or applications 17, 21 can be configured to execute at the
request or selection of a user of one of computing devices 30,
32, and/or 34 (or any other such user having the ability to
execute a program in relation to computing device 15, such as
a network administrator), while in other implementations
computing device 15 can be configured to automatically
execute software modules 13 and/or applications 17, 21 with-
out requiring an affirmative request to execute. It should also
be noted that while FIG. 1 depicts memory 12 oriented on
circuit board 14, in an alternate arrangement, memory 12 can
be operatively connected to the circuit board 14. In addition,
it should be noted that other information and/or data relevant
to the operation of the present systems and methods (such as
database 18) can also be stored on storage 19, as will be
discussed in greater detail below.

Also preferably stored on storage 19 is database 18. As will
be described in greater detail below, database 18 contains
and/or maintains various data items and elements that are
utilized throughout the various operations the system 10,
including but not limited to image files 40, data/measure-
ments 42, etc., as will be described in greater detail herein. It
should be noted that although database 18 is depicted as being
configured locally to computing device 15, in certain imple-
mentations database 18 and/or various of the data elements
stored therein can be located remotely (such as on a remote
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device or server—not shown) and connected to computing
device 15 through network 16, in a manner known to those of
ordinary skill in the art.

Communication interface 50 is also operatively connected
to circuit board 14. Communication interface 50 can be any
interface that enables communication between the computing
device 15 and external devices, machines and/or elements.
Preferably, communication interface 50 includes, but is not
limited to, a modem, a Network Interface Card (NIC), an
integrated network interface, a radio frequency transmitter/
receiver (e.g., Bluetooth, cellular, NFC), a satellite commu-
nication transmitter/receiver, an infrared port, a USB connec-
tion, and/or any other such interfaces for connecting
computing device 15 to other computing devices and/or com-
munication networks such as private networks and the Inter-
net. Such connections can include a wired connection or a
wireless connection (e.g. using the 802.11 standard) though it
should be understood that communication interface 50 can be
practically any interface that enables communication to/from
the circuit board 14.

Inthe description that follows, certain embodiments and/or
arrangements are described with reference to acts and sym-
bolic representations of operations that are performed by one
or more devices, such as the system 10 of FIG. 1. As such, it
will be understood that such acts and operations, which are at
times referred to as being computer-executed or computer-
implemented, include the manipulation by processor 11 of
electrical signals representing data in a structured form. This
manipulation transforms the data and/or maintains them at
locations in the memory system of the computer (such as
memory 12 and/or storage 19), which reconfigures and/or
otherwise alters the operation of the system in a manner
understood by those skilled in the art. The data structures in
which data are maintained are physical locations of the
memory that have particular properties defined by the format
of the data. However, while an embodiment is being
described in the foregoing context, it is not meant to provide
architectural limitations to the manner in which different
embodiments can be implemented. The different illustrative
embodiments can be implemented in a system including com-
ponents in addition to or in place of those illustrated for the
system 10. Other components shown in FIG. 1 can be varied
from the illustrative examples shown. The different embodi-
ments can be implemented using any hardware device or
system capable of running program code. In another illustra-
tive example, the system 10 can take the form of a hardware
unit that has circuits that are manufactured or configured for
a particular use. This type of hardware can perform opera-
tions without needing program code to be loaded into a
memory from a computer readable storage device to be con-
figured to perform the operations.

For example, computing device 15 can take the form of a
circuit system, an application specific integrated circuit
(ASIC), a programmable logic device, or some other suitable
type of hardware configured to perform a number of opera-
tions. With a programmable logic device, the device is con-
figured to perform the number of operations. The device can
be reconfigured at a later time or can be permanently config-
ured to perform the number of operations. Examples of pro-
grammable logic devices include, for example, a program-
mable logic array, programmable array logic, a field
programmable logic array, a field programmable gate array,
and other suitable hardware devices. With this type of imple-
mentation, software modules 13 can be omitted because the
processes for the different embodiments are implemented in a
hardware unit.
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In still another illustrative example, computing device 15
can be implemented using a combination of processors found
in computers and hardware units. Processor 11 can have a
number of hardware units and a number of processors that are
configured to execute software modules 13. In this example,
some of the processors can be implemented in the number of
hardware units, while other processors can be implemented in
the number of processors.

In another example, a bus system can be implemented and
can be comprised of one or more buses, such as a system bus
or an input/output bus. Of course, the bus system can be
implemented using any suitable type of architecture that pro-
vides for a transfer of data between different components or
devices attached to the bus system. Additionally, communi-
cations interface 50 can include one or more devices used to
transmit and receive data, such as a modem or a network
adapter.

Embodiments and/or arrangements can be described in a
general context of computer-executable instructions, such as
program modules, being executed by a computer. Generally,
program modules include routines, programs, objects, com-
ponents, data structures, etc., that perform particular tasks or
implement particular abstract data types.

It should be further understood that while the various com-
puting devices and machines referenced herein, including but
not limited to computing device 15, computing devices 30,
32, and 34 are referred to herein as individual/single devices
and/or machines, in certain implementations the referenced
devices and machines, and their associated and/or accompa-
nying operations, features, and/or functionalities can be
arranged or otherwise employed across any number of
devices and/or machines, such as over a network connection,
as is known to those of skill in the art.

It is to be understood that like numerals in the drawings
represent like elements through the several figures, and that
notall components and/or steps described and illustrated with
reference to the figures are required for all embodiments or
arrangements. It should also be understood that the embodi-
ments, implementations, and/or arrangements of the systems
and methods disclosed herein can be incorporated as a soft-
ware algorithm, application, program, module, or code resid-
ing in hardware, firmware and/or on a computer useable
medium (including software modules and browser plug-ins)
that can be executed in a processor of a computer system or a
computing device to configure the processor and/or other
elements to perform the functions and/or operations
described herein. It should be appreciated that according to at
least one embodiment, one or more computer programs, mod-
ules, and/or applications that when executed perform meth-
ods of the present invention need not reside on a single com-
puter or processor, but can be distributed in a modular fashion
amongst a number of different computers or processors to
implement various aspects of the systems and methods dis-
closed herein.

Thus, illustrative embodiments and arrangements of the
present systems and methods provide a computer imple-
mented method, computer system, and computer program
product for determining product arrangements. The block
diagram in the figures illustrates the architecture, functional-
ity, and operation of possible implementations of systems,
methods and computer program products according to vari-
ous embodiments and arrangements. In this regard, each
block in the block diagram can represent a module, segment,
or portion of code, which comprises one or more executable
instructions for implementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
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out of the order noted in the figure. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks in
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts, or combinations
of special purpose hardware and computer instructions.

FIG. 2 is a block diagram of certain select components of
the system 10 in accordance with the present invention. More
specifically, the computer 15 of the system 10 is coupled to an
imaging system 100 and further includes an input device 110
and one or more displays 120.

As described herein, the imaging system 100 can be a
conventional imaging device for providing medical images,
such as X-rays, fluoroscopic, CT, MRI, etc., of a patient’s
anatomical regions. The display 120 can be in the form of a
conventional device for displaying images obtained by the
imaging system 100 and for displaying virtual representa-
tions of at least one of a portion of the patient and an instru-
ment (tool) in 3D space on an image of the patient, where the
virtual representations are based on data obtained from the
imaging system 100 and optionally based on other measure-
ment or data collected during the procedure. The display 120
can thus be in the form of a monitor, etc. The input device 110
can be in the form of a conventional device for inputting data,
instruction, commands, etc. For example, the input device
110 can be in the form of a keyboard, mouse, touch screen,
voice recognition system, etc.

As discussed above, the present system 10 can be thought
of as including a number of distinct phases in both a pre-
operative setting and surgical setting. These phases are dis-
cussed below; however, the breakdown and labeling of the
different phases is merely for instructive and illustrative pur-
poses only and is not limiting of the scope of the present
invention.

Pre-Operative Phase

In one aspect, pre-operative, imaging can include any one
of a number of different types of imaging procedures per-
formed by the imaging system 100. As discussed herein, the
pre-operative imaging can involve both two-dimensional
(2D) images, such as a radiograph, of an area of interest, such
as the pelvic region; and includes three-dimensional (3D)
imaging data of the pelvic region, and the affected proximal
femur and ipsilateral knee.

It will be understood that the imaging application 17 of the
computer device 15 is designed to process the information
and images obtained from the imaging system 100. A 3D scan
can be performed and in combination with computer software
(such as applications 17, 21 or the like) allows one to obtain
three dimensional images of the patient’s anatomy using
scans (e.g., MRI or CT scans) of the patient’s anatomy. As
discussed in detail below, the patient-specific tools or guides
(e.g., the patient-specific acetabular guide) and templates can
be provided and designed by various CAD programs and/or
software programs that allow the images and models to be
manipulated.

Patient-specific guides and implants are generally config-
ured to match the anatomy of a specific patient. As described
herein, the patient-specific acetabular guide is generally
formed using computer imaging and software based on the
patient’s 3-D anatomic image and have an engagement sur-
face that is made to conformingly contact and match a three-
dimensional image of the patient’s bone surface (with or
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without cartilage or other soft tissue), by the computer meth-
ods discussed above and herein.

In the preoperative planning stage for a joint replacement
procedure (such as THR), an MRI scan or a series of CT scans
of the relevant anatomy of the patient, such as, for example,
the pelvis and the leg, etc., can be performed at a medical
facility or doctor’s office. The scan data obtained as DICOM
data an can be used to construct a three-dimensional image of
the joint and provide an initial implant fitting and alignment in
a computer file form or other computer representation as
discussed below with respect to a different subsequent phase
of the present method in which the instrument (tool or guide)
is designed.

Initial Imaging Phase

In accordance with the present invention, one exemplary
imaging phase for determining proper orientation and
implantation of an acetabular component (cup) involves the
following pre-operative imaging steps as set forth in FIG. 3
and involves the use of the imaging system 100. According to
a first step 100, a three dimensional (3D) scan ofthe patient’s
pelvis is obtained using conventional equipment such asa CT
or MR device (the imaging system 100) to yield 3D imaging
data that is subsequently used to construct a 3D model. In
addition, the 3D scan of the patient’s body can optionally
include the affected proximal femur and the ipsilateral knee
(the performance of this step depends on the technique to
orient the acetabular component (cup)). The imaging system
100 forwards the 3D scan(s) to be stored as image data files in
the memory (storage) 19 of the computer device 15.

At an optional second step 110, a sitting lateral radiograph
is obtained to determine the lumbo-sacra angle which is the
angle between the plane of the upper border of the sacrum and
the horizontal or the angle from the anterior pelvic plane and
the vertical. This step can be performed using conventional
radiology equipment such as an x-ray device (imaging system
100). The result of the step 110 can also be stored in the
memory 19 as image data (file). In other words, the imaging
system 100 delivers the image data to the storage 19.

An additional optional step 115 involves determining the
change in pelvic tilt between sitting and standing. This can be
performed using conventional technology including obtain-
ing a standing AP radiograph or standing lateral radiograph to
determine the change in pelvic tilt (comparison between sit-
ting and standing lateral radiographs). it will be appreciated
and understood based on the present disclosure that steps 110,
115 are optional and depend upon which method (see below)
is used to determine the proper orientation of the acetabular
component.

3D Reconstruction Phase

In accordance with the present invention, the next phase is
a 3D reconstruction phase in which one or more 3D models
are generated using the data (images, etc.) collected in the
above imaging phase. This phase is completed using suitable
imaging and 3D software (applications 17, 21) as discussed
herein which provides 3D modeling of collected data (im-
ages) and permits the 3D reconstructed image to be manipu-
lated.

More specifically, as is known, 3D imaging software and
other imaging software, as well, include a number of user
tools that avow images to be easily manipulated. Some of the
more popular tools are tools that: avow for rotation of the
object in three dimensions, allow viewing of the object from
any desired angle (even from the inside looking out), allow
zooming in on a portion, allow cropping, allow parts to be
made transparent or otherwise manipulated to show other
components, etc. In addition, the software (application 21)
can also produce 2D images using the inputted/captured
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information. In addition, distances and angles can be deter-
mined between points, planes, etc. defined by the user. For
example, a pointer (tool) can be used to select a first point and
then used to select a second point and a linear distance
between the two points is calculated. Similarly, an angle can
be determined between two defined planes.

More particularly, in step 120, a 3D model is created of the
acetabulum, and optionally is created for the proximal femur
and the distal femur (once again depending on the method
selected for orienting the acetabular component). The 3D
model can be generated using the modeling software as
described above. As with the other models, this 3D model can
be manipulated.

In step 130, an acetabular pelvic plane is created using both
the anterior superior iliac spine (ASIS) and pubis. As is com-
monly understood, in total hip arthroplasty (THR), the orien-
tation of the acetabular implant is expressed in terms of two
angular measurements: the abduction and anteversion angles.
Thus, in connection with hip arthroplasty, it is very desirable
to accurately and quickly define the APP. The APP is suitably
defined by 3 anatomical landmarks on the pelvis: the two
anterior superior iliac spines (ASIS’s) and the midpoint of the
pubic tubercules. The anterior pelvic plane can thus be
defined as the plane formed between a line joining both ante-
rior superior iliac spines and the midpoint of the pubic tuber-
cules. The horizontal X-axis is defined by the line connecting
the teardrops or optionally, a line connecting the centers of the
right and left hip joint, or optionally, a line connecting the
bottom of the right and left inferior ramus of the ischium.

A coordinate system based on the APP is defined and can
be used to determine the abduction and anteversion angles.
The Y-axis is defined as a vertical line intersecting the mid-
point of the pubic tubercules, and the cross-product of the X
andY axes defines the Z-axis. Abduction is defined as rotation
about the Z-axis and anteversion is defined as rotation about
the Y-axis. It will be readily appreciated that there are other
definitions and expressions for the concepts of anteversion
and abduction and the above definitions are merely exem-
plary.

In one embodiment, the step 130 can thus be carried out by
manipulating the 3D model generated in step 120 and by the
user (using a user interface tool such as a mouse) digitally
marking the image with reference points corresponding to the
left and right anterior superior iliac spines (left ASIS and right
ASIS) and the midpoint of the pubic tubercules. After these
points are marked, the system 10 of the present invention
determines (using software) the plane containing these three
reference points and stores in memory 12/storage 19, infor-
mation representative of the plane for the image in relation to
the reference image. Such plane constitutes the anterior plane
of the acetabulum for the left and right hips.

Next in step 140, a horizontal orientation of the pelvis is
determined using the acetabular teardrops. As is known, the
acetabular teardrop is located inferomedially in the acetabu-
lum, just superior to the obturator foramen. The lateral lip is
the exterior, and the medial lip is the interior of the acetabular
wall. The teardrop comprises a well-defined, constant portion
of'the medial acetabular wall. As with the other steps, this step
is performed using imaging software that allows manipula-
tion of 3D models, such as the 3D pelvis model (image). It
will be appreciate that the above is merely one technique for
determining the horizontal orientation of the pelvis and other
techniques exist including fitting a sphere to the medial and
lateral acetabulum and drawing a line between the centers.

At step 150, the pelvic tilt is determined and the degree
(amount) of pelvic tilt is measured using the lateral radio-
graphs that were obtained in step 110. As is understood in the
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art, pelvic tilt refers to the orientation of the pelvis in respect
to the femurs it rests upon and in space. It can tilt in four basic
directions, however, in the context of the present invention,
only two of the directions are of interest, namely, 1) anterior
pelvic tilt (pelvic flexion); and 2) posterior pelvic tilt (pelvic
extension).

In accordance with the present invention and as discussed
herein, the orientation of the acetabular component (cup) is
referenced off of the pelvic position that is generated upon
completion of the step 140.

At step 160, a 3D model is created of the proximal and
distal femur. Once again, conventional 3D modeling software
can be used to create this model.

Once the 3D model (3D reconstruction) of the femur is
created in step 160, at step 170, the anteversion of the femur
is measured from the 3D femur model. Femoral anteversion is
measure of the “twist” of the femur. Femoral anteversion in
accordance with the present method is determined by evalu-
ating the degree of anteversion using the 3D model of the
femur and other stored information. The degree of antever-
sion can be measured from this 3D model and can be stored in
the memory 12/storage 19.

It will be appreciated and understood that the results of any
of'the preceding steps can be stored in the memory 12/storage
19 as images, as a collection of data (measurements), etc.

Acetabular Component (Cup) Orientation Phase

In accordance with the present invention, the next phase is
one in which the orientation of the acetabular component
(cup) is determined. In other words, the target orientation is
selected. It is known that the acetabular cup orientation can be
defined by two angles: abduction or inclination and antever-
sion. It is also known that there are a number of different
techniques for determining the proper (desired) orientation of
the acetabular component as discussed in more detail below.
More specifically, several different techniques are described
below for determining the proper (desired) orientation of the
acetabular component; however, the practice of this phase of
the present invention is not limited to the disclosed techniques
since others can be used.

According to one orientation technique, in step 180, the
anteversion of the acetabular component (cup) is determined
by a set of prescribed equations. For example, for male
patients, the anteversion can be determined by the following
equation: 30°-femoral anteversion angle (result of step 180)
=the cup anteversion. For example, for female patients, the
anteversion can be determined by the following equation:
45°—femoral anteversion angle (result of step 180)=the cup
anteversion. It will be understood that the proceeding equa-
tions are merely exemplary in nature and it is within the scope
of the present invention that there can be some deviation
therein. At step 190, the cup inclination is set at a prescribed
value, such as 40°.

FIGS. 7A-C illustrate one technique for orienting the
acetabular component and in particular, these figures show
the acetabular component being oriented according to a pre-
scribed anteversion angle (e.g., 20° as labeled or another
prescribed angle) and a prescribed inclination angle (e.g., 45°
as labeled or another prescribed angle). FIGS. 8A-8D illus-
trate another technique for orienting the acetabular compo-
nent and in particular, these figures show a technique that
incorporates steps 167-180 in that the acetabular component
is oriented according to a calculated anteversion angle (see
step 180) (e.g., 23° as labeled or another prescribed angle)
and a prescribed inclination angle (e.g., 45° as labeled or
another prescribed angle). FIG. 8D shows the calculation of
the femoral anteversion angle (e.g., 7°) which according to
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the equation of step 190 results (for a male patient) in the
anteversion being: 30°-7°=23° as shown.

The result of step 190 and this phase is that the orientation
of the acetabular component (cup) is determined and this
proper (target) orientation is used in subsequent steps as
described below for forming the patient-specific guide.

Yet another method for determining the proper orientation
of the acetabular component is based on the use of lateral
radiographs and is shown in FIGS. 9A-9E. The amount of
pelvic tilt can be calculated from sitting and standing lateral
radiographs which are obtained using conventional imaging
equipment. Patients that orient their pelvis in a more flexed
position when sitting are at risk for anterior dislocation of
their hip replacement as increasing the flexion of the pelvis
effectively reduces the amount of anteversion of the acetabu-
lar component. In these patients, the anteversion of the
acetabular component will be increased by 10 degrees (i.e., to
approximately 30 degrees). This amount of increase is merely
an example of how much the anteversion could increase. It
could also be increased in proportion to the amount of
increase in pelvic flexion.

In addition, the anteversion of the cup can be modified
based on the orientation of the pelvis in the standing position
(e.g., greater pelvic flexion, more anteversion of the acetabu-
lar component).

Design of Patient-Specific Instrument (Guide) and Surgi-
cal Procedure Phase

In accordance with the present invention, the next phase is
one in which a patient-specific instrument (guide) is designed
in view of the information captured in the proceeding phases
and is constructed for simply, yet accurately, orient the
acetabular component (cup) during TNR.

While patient-specific guides for acetabular cup position-
ing/orienting have been created in the past, the present inven-
tion provides a different approach in terms of the design of the
patient-specific instrument that is used in the surgical proce-
dure. More specifically and as will be appreciated below,
previous instruments were developed by using the rim of the
acetabulum to fit the patient-specific guide. The present
invention teaches away from such approach due to the fact
that at the time of surgery, the rim of the acetabulum is
difficult to access as a result of it being covered in part by soft
tissue (i.e., the labrum). As a result, a patient-specific guide
that grasps the rim requires extensive soft-tissue resection.
The present invention avoids this difficulty and provides an
improved alternative approach.

First Embodiment—Predetermined Pin Method

FIG. 5 is a top plan view of a virtual representation of an
acetabulum 200 that is produced using the proceeding imag-
ing and modeling steps based on images obtained from the
patient. As previously mentioned, the acetabulum 200
includes an acetabular notch 202 and a lunate surface 204.
FIG. 6 is a cross-sectional view taken along the line 6-6 of
FIG. 5 showing the acetabulum 200 and in particular, show-
ing the acetabular notch 202 and the undercut nature thereof.

At step 300, a center of the virtual acetabulum is deter-
mined by fitting a sphere to the lunate surface 204 of the
acetabulum (to be performed after step 120). Next at step 310,
a virtual hemisphere 210 is placed at the center location and
oriented according to one of the acetabular component orien-
tation methods described herein. The result of step 310 is a
centered and properly oriented virtual hemisphere that can
then be modeled to form the patient-specific guide as dis-
cussed below.
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The hemisphere 210 has a diameter that is larger, by a
predetermined amount, than the sphere that was fit to the
lunate surface 204. In one embodiment, the predetermined
amount in approximately 5 mm; however, the diameter of the
hemisphere 210 can be larger than 5 mm and similarly can be
less than 5 mm. In other words, the 5 mm increase is exem-
plary and not limiting of the present invention.

As shown in the cross-sectional view of the FIG. 11, when
the virtual hemisphere 210 is initially fit to the representation
(3D model) of the acetabulum 200 and as shown, there are
areas of interference between the virtual hemisphere 210 and
the structure of the acetabulum representation 200. This is
expected since as described above, the acetabulum does not
have a perfect spherical shape and importantly, the floor of the
acetabulum includes the notch 202 (the shape of which varies
amongst patients). FIGS. 10 and 11 thus show one of the
initial steps in the modeling (design) of the patient-specific
acetabular guide. This step and others are performed by the
software applications described herein which allows manipu-
lation of'the 3D model of the acetabulum including placement
of another 3D representation (model), in this case the hemi-
sphere 210, relative thereto.

As shown in FIG. 12 and in accordance with step 320 (FIG.
3A), the articular surface of the virtual acetabulum 200 (i.e.,
the lunate surface 204) is offset a predetermined distance,
such as, for example, about 1 mm. It will be appreciated that
the predetermined offset distance can be entered by the user
(designer) using the input device 110. The offset is thus
relative to the virtual lunate surface of the acetabulum 3D
model and is performed based on the inputted predetermined
distance. The result (image) of this step and the other steps
can be stored in memory 12/storage 19 and is displayed on
display 120. The user can readily input different predeter-
mined offset distances and the result is graphically shown on
the display 120.

As described below, in accordance with the present inven-
tion, a series of Boolean operations are performed between
the virtual hemispherical shaped guide (hemisphere 210) and
the offset virtual acetabulum (3D model) to remove the part of
the guide that interferes with bone and produce a model of a
patient-specific acetabular guide which can then be manufac-
tured.

As is known in the industry, Boolean operations can be
used to create complex solid models out of primitives. In
general, Boolean operations can include a number of different
modeling operations including: 1) intersect: defines a new
solid object based on the common volume between selected
solids; 2) union: defines a new solid that consists of common
and uncommon volume between selected solids; 3) subtract:
select two set of solids. In addition, a single solid based on the
removal of the second set from the first one will be created. All
the above operations will eliminate the original solids.

In accordance with the present invention and as will be
appreciated in view of the following disclosure, the present
method includes performing at least one Boolean operation
(and preferably a plurality of Boolean operations) to remove
a portion of the virtual acetabular guide image (e.g., the
hemispherical shaped guide) and then subsequently forming
the actual patient-specific acetabular guide. As each Boolean
operation is performed, one or more portions of the virtual
acetabular guide image are removed and more specifically,
virtual interferences between the acetabular guide image and
the 3D acetabulum model (bone image) are at least partially
removed from the material of the virtual guide.

In step 330, a first Boolean operation is performed between
the virtual hemisphere 210 and the offset acetabulum (i.e.,
with the offset articular surface) to remove portions of the
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hemisphere 210 that interfere with bone (i.e., interfere with
the acetabulum). The results of the first Boolean operation are
the creation of virtual guide that has a contour that matches
the articular notch 200 of the acetabulum representation (vir-
tual image). FIGS. 13-15 show the results of the first Boolean
operation and depict the modeled virtual guide 210 inserted
into the virtual acetabulum and into contact with the offset
articular surface.

In FIG. 16, an undercut 215 is present along the bottom of
the virtual hemispherical shaped guide 210 and this undercut
215 would prevent full insertion of the guide 210 into the
acetabular notch.

The next steps and images reflect that in accordance with
the present invention the Boolean operation is repeated n
times in order to obtain a patient-matched guide 210 by con-
tinuously fine tuning the shape and contour of the guide 210
so that in accordance with the present invention and in direct
contrast to prior art approaches, the virtual guide 210 (and
subsequently, the physical guide itself) has a shape/contour
that matches the acetabular notch.

In step 340, the virtual acetabulum (that is offset as a result
of'step 320) is translated a predetermined first distance along
an center axis (i.e., an axis perpendicular to the face of the
guide 210). In one exemplary embodiment, the predeter-
mined first distance is 1 mm; however, it will be readily
understood that the first distance be any number of other
distances and the above value is not limiting of the present
invention but is merely exemplary. It will further be under-
stood that, as described herein, the predetermined first dis-
tance can be chosen in view of the value of n in that its value
can be selected in view of the number of Boolean operations
that will be performed during the guide modeling process. For
example, and as discussed below, the predetermined first
distance can be 1 mm in the event that there are four transla-
tion steps as part of the Boolean process discussed below. In
other words, when there are four translation steps, the virtual
offset acetabulum is translated in 1 mm increments four
times.

FIG. 17 shows the translation of the virtual offset acetabu-
lum along the insertion (cup) axis.

At step 350, a second Boolean operation is performed in
the manner described above with respect to the step of per-
forming the first Boolean operation. FIGS. 18 and 19A and
19B show the results of the second Boolean operation and
depicts the matched guide 210 with the undercut nearly elimi-
nated.

As best shown in FIG. 19A and 19B, the undercut 215 is
nearly eliminated as a result of performing the second Bool-
ean operation. FIG. 19B shows the matched guide 210
inserted into the virtual (patient-specific) acetabulum that is
not translated according to step 340 to show the matched fit
between the guide and the acetabulum.

As mentioned above, the present method includes addi-
tional steps 360 and 370 in which in step 360 the virtual
acetabulum is further translated a predetermined second dis-
tance along the center axis. The first and second distances can
be the same or can be different in one embodiment, When the
distances are the same, the virtual acetabulum is thus trans-
lated in increments (that have the same distance) along the
center axis. In step 370, an additional Boolean operation is
performed on the result of step 360. The steps 0£ 360 and 370
can then be repeated a number of additional times in order to
subject the models to additional Boolean operations.

Inone embodiment, five Boolean operations are performed
in the design of the virtual acetabular guide 210. However, it
will be appreciated that less than 5 Boolean operations can be
performed or more than 5 Boolean operations can be per-
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formed to form a patient-specific (patient-matched) guide
that matches the articular notch 202 but has removed a major-
ity of the undercut, so that the guide can be implanted as
discussed below. The entire undercut is not removed since it
is desirable to have a slight undercut as this creates a locking
effect between the guide and the acetabulum, thereby allow-
ing the subsequently formed physical acetabular guide to
snap into place within the acetabulum due to this locking
effect with the articular notch. In other words, a sufficient
amount of undercut is left to cause an interlocking between
the guide and the acetabular notch.

At step 380, edges of the virtual acetabular guide 210 that
extend onto the rim of the virtual acetabulum are trimmed and
indicia (identification information) can be associated within
the finished virtual guide (or alternatively, the identification
information can be initially stored in memory and then later
placed on the actual physical guide when it is formed). This
step 380 is important since the patient-specific guide that is
made in accordance with the present invention does not rest
on or utilize the rim of the acetabulum as a support surface but
instead is matched to the acetabular notch as a means for
attaching the guide to the acetabulum. In other words, the
present guide is not modeled and manufactured (matched)
based on the characteristics of the patient’s acetabulum rim.

The results of steps 300-380 (the Boolean operations) can
be saved in memory 12/storage 19.

Final Design—First Embodiment

Now referring to FIGS. 20-23, once the Boolean operations
are completed, a final virtual acetabular guide is created and
is stored in the memory 12/storage 19. This final virtual
acetabular guide is patient-specific and serves as the basis for
creating a physical patient-specific acetabular guide 400 that
has the characteristics of the virtual acetabular guide and is
used during the THR surgical procedure to more precisely
locate and orientate the acetabular implant (cup) in the pre-
pared acetabulum of the patient. Any number of different
conventional techniques can be used to form the physical
patient-specific guide 400, including but not limited to con-
ventional molding techniques, additive manufacturing, or
other forming techniques (to form guide that can be sterilized,
preferably via an autoclave).

It will be appreciated that the patient-specific guide is thus
modeled in view of the selected (optimal) orientation of the
acetabular component and thus, said orientation is incorpo-
rated into the design of the guide.

Ahandle 410 is fixedly attached to guide 400 perpendicular
to a face 401 thereof (i.e., perpendicular to the guide body).
The handle 410 can then be used as a reference for the correct
orientation of the acetabular component (i.e., implant 500 of
FIG. 28). A slot 420 is formed in the patient-specific guide
400 using conventional processing techniques including con-
ventional cutting (machining) techniques. The slot 420 is
radially offset from the handle 410 and is located between the
handle 410 and a peripheral edge of the guide 400. As shown,
the slot 420 can be formed in a raised portion 430 that extends
outwardly from the face 401 of the guide 400. The raised
portion 430 can be formed during the process of forming the
guide 400 itself (e.g., formed in a common mold) and slot 420
can be formed at that time or subsequently formed.

As shown in FIG. 21, the slot 420 is configured for receiv-
ing a tool 435 that receives an axis pin 440 (FI1G. 22) and more
specifically, the tool 435 can be in the form of an axis pin
guide that includes a base portion 436 that has a central bore
438 formed therethrough and open at both of its ends. The
base portion 436 is thus a generally tubular structure. The
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central bore 438 slidingly receives the pin 440. The pin guide
435 also includes an extension (arm) 439 that extends radially
outward from the base 436 and is orientated perpendicular to
the base 436. At a free distal end of the extension 439, a
coupling member (not shown) is formed and is configured to
be received within the slot 420 so as to couple the pin guide
435 to the guide 400.

The pin guide 435 thus orients the axis pin 440 and allows
the pin 440 to be fixedly attached to the superior acetabulum
as shown in FIG. 22. It will be understood that the construc-
tion of the pin guide 435 and the manner of attachment of the
pin guide 435 to the acetabular guide 400 constrains and
causes the pin 440 to be oriented in a parallel axis relative to
the axis of the 410 handle of the guide 400.

For the operative procedure itself, tissue in the acetabular
notch 202 is debrided. The patient-specific (patient-matched)
guide 400 is pressed into the acetabulum. The guide 400
should snugly fit within the acetabulum due to the locking
between the guide 400 and the acetabular notch 202 in accor-
dance with the teachings of the present invention. The pin
guide 435 is mated to the guide 400 by inserting the coupling
member of the extension 439 into the slot 420 and then the pin
440 is inserted into the bore 438 and using conventional
techniques, the pin 440 is fixed to the superior acetabulum.
Once the pin 440 is fixed to the superior acetabulum, the pin
guide 435 is removed (FIG. 23) and then the guide 400 is
removed. The result is that axis pin 440 is placed and is
parallel to the cup impactor axis (i.e., the axis of the handle
410).

Next and as shown in FIG. 28, the acetabulum is prepared
for receiving the acetabular component 500 (impactor/im-
plant) using conventional surgical processing techniques. For
example, a sufficient amount of the bone of the acetabulum is
removed in order to prepare a contact surface for the acetabu-
lar component 500 that will be engaged thereto. The step can
involve using bone reaming techniques, etc. After the
acetabulum is reamed, the acetabular component 500 is accu-
rately implanted in the acetabulum by visually confirming
that the axis (e.g., defined by handle, 510) of the acetabular
component 500 is parallel to the axis of the pin 440. The
acetabular component 500 is then affixed to the acetabulum
with a fastening means by press-fitting the acetabular com-
ponent 500 to the bone or using a screw, for example. The
screw is positioned through a hole in the acetabular compo-
nent 500 as is known. The pin 440 is then removed.

Second Embodiment—Arbitrary Pin Method

The physical patient-specific guide 400 that is produced in
accordance with the preceding teachings is also used in the
arbitrary pin method. The pre-determined pin method accord-
ing to the first embodiment can at times be difficult to imple-
ment in actual practice for the following reasons. It can be
difficult to place the axis pin (pin 440) in the superior region
of the acetabulum such that it is parallel to the center axis.
Also, steps that are followed in an exemplary THR surgical
procedure already include placing a superior pin for soft
tissue retraction and the placement of a second pin, namely,
the axis pin 340 can be difficult due to spacing and overcrowd-
ing.

FIGS. 24-27 show the steps associated with this second
embodiment. In addition to the axis pin 440 and the patient-
specific guide 400, a second instrument (pin reference device)
600 is used. The second instrument 600 is in the form of arod
aligner instrument and is defined by a rod positioner portion
610 and an adjustable rod 700 that is movably coupled thereto
and has a number of different degrees of motion to allow



US 9,408,617 B2

19

adjustment and orienting of the rod 700 relative to the rod
positioner portion 610. The rod positioner portion 610
includes a body having a bore 612 formed therein for receiv-
ing the axis pin 440. The rod positioner portion 610 can
slidingly travel along the axis pin 440 which is indicated by
arrow A showing movement in a linear direction. The rod
positioner portion 610 can also rotate about the fixed axis pin
440 as indicated by arrow B. It will be appreciated and under-
stood based on the following discussion that the second
instrument 600 can be coupled (attached) to the axis pin 440
after the pin 440 is fixedly attached to the bone.

One end of the rod 700 is pivotally attached to the rod
positioner portion 610 ata pivot 620. The rod 700 pivots about
this pivot 620 as indicated by the arrow E and thus, the
orientation of'the rod 700 relative to the rod positioner portion
610 can be changed by such pivoting. As shown, the rod 700
can have two distinct sections of different shape, namely, a
first section that mates directly with the rod positioner portion
610 and a second section that extends outwardly therefrom
and serves as a reference axis as discussed below.

In one embodiment, the rod 700 is manipulated so as to
orient therod 700 in an orientation in which it is parallel to the
axis of the guide 400 and more specifically, is parallel to the
axis of the handle 410. This alignment can be done by the eye
and it will be appreciated that the oriented rod 700 (parallel to
handle axis) serves as a reference axis for placement of the
implant 500 in the same manner described above. After ori-
enting the rod 700, the instrument 600 is removed.

While not shown, it will be understood that the various
parts of the second instrument 600 can be locked in their
preferred orientations using conventional locking means,
such as a locking screw or other mechanical locking mecha-
nism. More specifically, once the proper orientation of the rod
700 is determined, the three degrees of freedom (represented
by arrows A, B, and F) are locked so as to fix the orientation
of the second instrument 600.

The orienting of the rod 700 can also be assisted by the use
of an additional component and more specifically, as shown
in FIG. 26, the second instrument 600 can also include a rod
aligner 705 that serves to couple and orient the rod 700
relative to the axis of the handle 410. The rod aligner 705
includes a body having a first section 710 at a first end that is
configured as a rod receiving section and is defined by a body
having a bore 712 formed therein and a slot 714 for receiving
the end of the body of the aligner 705. The bore 712 is formed
in the first section 710 and is configured to receive the rod 700
in a sliding manner through the slot 714. In other words, the
rod aligner 705 can be mated with the rod 700 by sliding the
first section 710 over the rod 700. The rod aligner 705
includes a second section in the form of a clamp-like structure
720 that has a concave surface that matches the cylindrical
diameter of the handle 410. The structure 720 is thus mated to
the handle 410 by pressing the clamp 720 into contact with the
handle 410. The clamp 720 can thus assemble to the handle
410. The axis of the bore formed in the first section 710 and
the axis of the handle (which can also be defined by a central
axis of the clamp 720) are constrained to being parallel to one
another and thereby, the rod 700 that passes through the bore
in the first section 710 is caused to be parallel to the axis of the
handle 410.

The rod aligner 705 can rotate relative to the rod 700 as
represented by arrow C. Arrow D shows movement of the rod
aligner 705 in a linear direction away/toward the handle 410.

As discussed above, all of the degrees of freedom of the
second instrument 600 can be locked in the desired orienta-
tion using the locking means (e.g., screws). Thus, degrees of
freedom (arrows A-E) are locked in place.
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Once properly positioned, the rod aligner 705 is removed
from the rod 700 and thus also disengages the handle 410 and
the guide 400 is removed, thereby leaving the rod 700 as the
reference axis for placement of the implant 500 in the same
manner described above. Since all of the degrees of freedom
of'the second instrument 600 can be locked in place including
the locking of the section 710, the removed rod aligner 705
can then be later installed back on the rod 700 and when
properly oriented, contacts the impactor handle 510 (FIG.
28).

Thus, the rod aligner device 700 allows for a final verifi-
cation step in which once the implant 500 is placed, the
surgeon can check the orientation of the implant 500 using the
rod aligner device 700. The clamp 720 can be attached to the
cup impactor to assure that the cup impactor has oriented the
cup according to the preoperative plan.

As discussed herein, the term “interlockingly mates™ gen-
erally means to lock or join to one another and as described
herein, because the entire undercut of the patient-specific
guide is not removed, a locking or joining effect between the
guide and the acetabulum is created, thereby allowing the
physical patient-specific acetabular guide to snap into place
within the acetabulum due to this locking effect with the
articular notch. Interlockingly mates is not limited to an irre-
versible interlock but instead can apply to situations, as in the
present invention, in which the patient-specific acetabular
guide can be disengaged from the acetabulum and in particu-
lar from the acetabular notch structure.

FIGS. 29-31 illustrate, another embodiment for orienting
the acetabular component 500. In this embodiment, an orien-
tation sensor 800 is rigidly fixed to the acetabulum 103. This
sensor 800 can be attached via a pin (as shown), or directly to
the bone with screws. It must be rigidly attached to the
acetabulum 103 and be able to be removed. The orientation
sensor 800 is defined by a first known coordinate system
(including the orientation thereof in 3D space). The orienta-
tion sensor 800 communicates with a second sensor 810 that
is connected to the handle 410 of the patient specific guide
400. This second sensor 810 receives an orientation signal
from the orientation sensor 800 fixed to the acetabulum 103.
The second sensor 810 can thus be defined by a second known
coordinate system (including the orientation thereof in 3D
space) relative to the first known coordinate system of the first
sensor and therefore, the orientation can be tracked.

It can be either a wireless connection or a direct cable
connection between the sensors. The patient specific guide
400 is inserted into and oriented within the acetabulum 103
and the second sensor 810 is rigidly fixed to the guide 400.
However, it will be appreciated that the order of operations
could go either way, the second sensor 810 can be rigidly
fixed to the guide 400 then positioned into the acetabulum
103, or the guide 400 can be positioned into the acetabulum
103 and then the second sensor 810 rigidly fixed to the guide
400.

This system is thus part of a computer system and includes
a display 820.

At this time, when the guide 400 is in the prescribed ori-
entation in the acetabulum, the display on the sensor is
‘zeroed’ out, indicating the target orientation of the acetabular
component 103 which is to be subsequently implanted. The
coordinate system associated with the target orientation is
thus saved in memory either as part of a computer system or
memory of the second electronic device. The guide 400 is
removed, and the acetabulum 103 is prepared. Now the sec-
ond sensor 810 is rigidly attached to the impaction instrument
500 (FIG. 28). The orientation of the instrument (implant)
500 is adjusted until the saved target orientation is reached
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(i.e., when the stored known coordinate system are achieved).
A display on the instrument (second sensor 810) can be used
to help with the orientation procedure as shown in FIG. 31
(real time tracking and display of the orientation of the object
to which the second sensor is attached). Alternatively, a series
of numerical values could be on the display 820 to indicate
when the target orientation has been reached. Once the cup
has been impacted and its orientation verified, the first sensor
800 can be removed from the acetabulum 103.
In one embodiment, the sensors 800, 810 can thus commu-
nicate with a computer (machine) that executes software such
as 3D positioning (coordinate) software and the 3D coordi-
nates of the sensors 800, 810 are tracked and displayed on
display 820. In this configuration, the sensors 800, 810 com-
municate with the computer system.
While the invention has been described in connection with
certain embodiments thereof, the invention is capable of
being practiced in other forms and using other materials and
structures. Accordingly, the invention is defined by the reci-
tations in the claims appended hereto and equivalents thereof.
What is claimed is:
1. A method for forming a patient-specific acetabular guide
for use in orienting an acetabular component with respect to
an acetabulum of a patient as part of a surgical procedure, the
method comprising the steps of:
obtaining at least one image of the patient including at least
3D image data of a pelvic region of the patient;

constructing a three-dimensional (3D) virtual model of an
acetabulum of the patient based on the 3D image data of
the pelvic region and based on a prescribed orientation
of the acetabular component;

constructing an initial patient-specific virtual acetabular

guide;

performing one or more modeling operations on the initial

patient-specific virtual guide in view of the 3D virtual
model of the acetabulum so as to form a final patient-
specific virtual guide which has a bottom surface which
has a portion that is shaped and configured based on the
3D virtual model of the acetabulum to initimately
receive and interlockingly mate with an acetabular notch
of the patient’s acetabulum for attaching the patient-
specific guide to the acetabulum according to the pre-
scribed orientation; and

forming the patient-specific acetabular guide based on the

final patient-specific virtual guide.

2. The method of claim 1, wherein the step of constructing
the initial patient-specific virtual acetabular guide comprises
the step of first fitting a sphere to a lunate surface of the
three-dimensional model of the acetabulum and then subse-
quently inserting a hemisphere into the three-dimensional
model of the acetabulum at a center of the sphere and at the
prescribed orientation, the hemisphere having a diameter
greater than a diameter of the sphere.

3. The method of claim 1, wherein the step of performing
one or more modeling operations on the initial patient-spe-
cific virtual guide includes the steps of:

offsetting the lunate surface of the three-dimensional

model of the acetabulum by a first predetermined dis-

tance; and

performing at least one Boolean operation between the
hemisphere and the offset three-dimensional model of
the acetabulum to remove portions of the hemisphere
that are in interference with a bony surface of the 3D
virtual model of the acetabulum.

4. The method of claim 1, wherein the step of performing
one or more modeling operations on the initial patient-spe-
cific virtual guide comprises the step of removing portions of
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the initial patient-specific virtual guide that are in interference
with bony surface of the 3D virtual model of the acetabulum.

5. The method of claim 4, wherein the one or more mod-
eling operations comprises a plurality of Boolean operations
that are performed sequentially on the three-dimensional
model of the acetabulum, wherein a second Boolean opera-
tion and any Boolean operations performed subsequent
thereto are performed subsequent to the three-dimensional
model of the acetabulum being incrementally translated
along an center axis.

6. The method of claim 5, wherein the three-dimensional
model of the acetabulum is translated along the center axis in
a plurality of increments, each increment being about 1 mm.

7. The method of claim 5, wherein at least three Boolean
operations are performed and incremental translation of the
three-dimensional model of the acetabulum results in the
bottom contact surface matching the acetabular notch of the
patient’s acetabulum but including a sufficient undercut to
provide a locking effect between the bottom contact surface
and the acetabular notch of the patient’s acetabulum.

8. The method of claim 1, further including the step of
trimming edges of the patient-specific acetabular guide that
extend onto a rim of the patient’s acetabulum.

9. A method of pre-operatively planning the implantation
of a patient-specific acetabular component comprising the
steps of:

obtaining three-dimensional image data of a pelvic region

of the patient;

using the obtained image data to determine a prescribed

orientation of the acetabular component with respect to
an acetabulum of the patient, the prescribed orientation
being defined by a center longitudinal axis; and
constructing a three-dimensional model of an acetabular
guide from the obtained image data, wherein the three-
dimensional model of the acetabular guide includes a
contact surface that includes a first portion that is shaped
to substantially match an acetabular notch of the
patient’s acetabulum, wherein a center longitudinal axis
of the acetabular guide is co-linear or parallel to the
center longitudinal axis of the acetabular component,
wherein the acetabular guide is configured such that
when the acetabular component obtained from the three-
dimensional model is inserted into the acetabulum, the
first portion is directly engaged to the acetabular notch
and includes a sufficient undercut to provide a locking
effect between the first portion and the acetabular notch.

10. A method for implanting an acetabular component in an
acetabulum of a patient comprising the steps of:

inspecting a pre-operative plan including a three-dimen-

sional image of the specific patient;

selecting a prescribed orientation of the acetabular compo-

nent;

constructing a patient-specific acetabular guide having a

contact surface that is made to conform to an acetabular
notch of the acetabular of the patient in accordance with
the three-dimensional image of the specific patient and
the prescribed orientation;

orienting the patient-specific acetabular guide in the

acetabulum of the specific patient such that the contact
surface interlocks with the acetabular notch of the
patient’s acetabulum;
using the patient-specific guide to orientate a first reference
member that defines a reference axis that is parallel to a
center axis of the acetabular component; and

implanting the acetabular component using the first refer-
ence member as a reference;
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attaching a pin to a superior portion of the acetabulum; and

coupling a pin reference device to the pin by passing the pin

through a bore formed in a first section of the pin refer-
ence device, the first section of the pin reference device
having two degrees of freedom relative to the pin and the
pin reference device further including a rod that is piv-
otally attached to the first section, wherein the rod com-
prises the first reference member and defines the refer-
ence axis for orienting the acetabulum component
within the acetabulum.

11. The method of claim 10, wherein the prescribed orien-
tation is based on a patient-specific anterversion angle and an
inclination angle.

12. The method of claim 11, wherein the patient-specific
anteversion angle is increased by a predetermined amount of
degrees a pelvis of the patient flexes during sitting as deter-
mined by an image of the patient.

13. The method of claim 10, wherein the step of selecting
a prescribed orientation of the acetabular component com-
prises the steps of:

obtaining a sitting lateral radiograph;

obtaining a standing lateral radiograph; and

determining a change in pelvic tilt based on the sitting and

standing radiographs, the prescribed orientation being
selected based on the change in pelvic tilt.

14. The method of claim 10, further comprising the steps
of:

inserting a pin guide into an opening formed in a surface of

the patient-specific acetabular guide that is opposite the
contact surface, the pin guide having a pin receiving
section that has a bore defined by a first axis that is
parallel to an axis of the handle of the patient-specific
acetabular guide;

inserting an axis pin through the bore, the axis pin com-

prising the first reference member;

fixedly attaching the axis pin to a superior portion of the

acetabulum; and

removing the pin guide from the patient-specific acetabular

guide and removing the patient-specific acetabular
guide from the acetabulum, whereby the axis pin defines
the reference axis for orienting the acetabulum compo-
nent within the acetabulum.

15. A method for implanting an acetabular component in an
acetabulum of a patient comprising the steps of:
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inspecting a pre-operative plan including a three-dimen-

sional image of the specific patient;

selecting a prescribed target orientation of the acetabular

component;

constructing a patient-specific acetabular guide having a

contact surface that is made to conform to an acetabular
notch of the acetabular of the patient in accordance with
the three-dimensional image of the specific patient and
the prescribed target orientation;

orienting the patient-specific acetabular guide in the

acetabulum of the specific patient by attaching a first
electronic device to the superior acetabulum, the first
electronic device being defined by a first known coordi-
nate system, wherein the patient-specific guide includes
a second electronic device removably attached thereto,
wherein when the acetabular guide is inserted into the
acetabulum at the prescribed target orientation in which
the contact surface interlocks with the acetabular notch
ofthe patient’s acetabulum, the second electronic device
is defined by a second known coordinate system which is
defined relative to the first electronic device and which is
saved in memory;

removing the patient-specific guide from the acetabulum

and removing the second electronic device from the
patient-specific guide;

attaching the second electronic device to the acetabular

component;

preparing the acetabulum for receiving the acetabular com-

ponent; and

moving the acetabular component in the prepared acetabu-

lum until the second electronic device is defined by the
saved second known coordinate system, thereby repre-
senting that the acetabular component is at the pre-
scribed target orientation.

16. The method of claim 15, wherein the first and second
electronic devices comprise first and second orientation sen-
sors, respectively, that communicate with one another.

17. The method of claim 16, wherein second orientation
sensor includes a display that shows in real time a current
orientation of the second orientation sensor relative to the
prescribed target orientation and guides a user to the pre-
scribed target location at which indicia for the current orien-
tation is superimposed on indicia for the prescribed target
orientation.



